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CERTAIN ASPECTS OF WATER METABOLISM*
FRANK P. UNDERHILL
The Distribution of Water in the Body
It is generally accepted that there exists a definite balance
between the intake and output of water so that the water content of
the body is maintained within narrow limits at a constant level. Data
relative to the distribution of water in the organisms of different
species have been collected by Skelton"1. He has shown that the total
percentage of water in the body is as follows: man, 63; rat, 65.3;
dog, 65.7; cat, 64.2; rabbit, 68.8. It is surprising how little varia-
tion is revealed among the different species investigated. Such dif-
ferences as do occur may perhaps be due to the fact that the various
individuals examined were not at the same stage of maturity, for age
plays a significant rle in water content of the body. All species
exhibit a rapid decrease in water from uterine life to maturity72,
when, as predicated by Rubner86, all animals attain the same degree
of hydration attended by a loss of the power of growth. Skelton9"
has shown that animals of different species distribute their total body
weight among the various organs in a similar order and that a given
organ tissue has the same percentage water content in the different
species. As a rule, the highest percentage of water is found in those
tissues concerned in the transportation or excretion of water and in
those which possess the greatest functional activity, for example-
heart, blood, lungs, muscles and kidneys. The high specific heat of
the water prevents a sudden rise of temperature from the heat pro-
duced by the organ's activity.
Many factors are concerned in the maintenance of a constant
water content in the tissues. Water is furnished not only through
food and drink but also through the combustion of foodstuffs.
Dependent upon its nature each 100 grams of fuel burned may
supply from 50 to 100 grams of water. A greater quantity is
released when foodstuffs which have been stored in the organism
are used, for when proteins, carbohydrates and fats are stored a cer-
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tain quantity of water is also deposited68. The removal of water
from the body is accomplished mainly by the urinary excretion,
sweat and expired air. In addition to that necessary for the main-
tenance of cellular nutritional rhythm, water is essential for diges-
tion, for the formation of the various secretions, for the proper
fluidity ofblood and lymph, and for the regulation of body tempera-
ture. There is a considerable lability in the interchange of fluid for
it is possible to borrow water from one functional system to serve
another. The intestines daim large volumes of fluid during diges-
tion but later this is returned through reabsorption. Barbour, in his
work on temperature regulation, demonstrated a mobilization of
water with accompanying hydremia before the onset of sweating
when organisms are exposed to high temperatures 13, 15 17, and the
shifting of water from the blood to the skin and muscles on exposure
to cold"9. The quantity of water that can be mobilized for any one
function depends upon the quantity of available, or "free" (or
interstitial) water present in the body. The free water is liquid at
ordinary temperatures, chemically uncombined and thus capable of
being shifted about by way of the blood-stream. It is contrasted
with the "bound", or "essential", water which exists in a non-liquid
form as hydrates of salts, carbohydrates and proteins, especially
1 2 12, 85 associated with colloidal systems' '
The essential or bound water of the tissues is altered by a variety
of conditions; thus, it is affected by changes in the hydrogen-ion
concentration of the tissues and by variations in ionic composition of
the protoplasm12' 74, 88, 94, Fatigue of skeletal muscle is accompanied
by increase of water content68. Inflamed mucous membrane placed
in Ringer's solution is less capable of holding water than is a normal
membrane48. This is probably due to the fact that the inflamed
tissue is saturated with water by the inflammatory reaction. It has
been shown by Andrews5' 6,7 that the extent of diuresis, calculated on
a body weight basis, induced by hypertonic salt solution is directly
related to the CO2-combining power of the blood. Estimation of
the bound water of the tissues was made by Thoemes95 by comparing
the heat of solidification at -20° C. with the quantity of water
known to be present, that part which does not freeze being regarded
as the bound water. An alteration of the bound water changes the
free water but the extent to which bound water may be released is
confined within rather narrow limits. On the other hand, free water
may be bound to a considerable degree.
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AIterations in Water Content of the Tissues
A simple means of changing the composition of the tissues is
through fasting, during which water may or may not be given.
When water is allowed the tissues may show an increased water con-
tent. In the experiments of Witsch"8 and Biddle and Howe20 dogs
were fasted (with water ad libitum) for periods of 82 days. Under
those circumstances there was found to be an increased water content
of the blood and, with the exception of the spleen, of all tissues. A
considerable portion of this augmented water content presumably
came from the "melting down" of the tissues. Underhill and
Kapsinow'02 demonstrated an increase of hemoglobin of the blood
25-40 per cent above the normal value when dogs were fasted with-
out water for 5-8 days. Keith53 extended the period to 28 days and
found that hemoglobin usually, but not invariably, increased while
the plasma volume always decreased. The viscosity, protein and
chloride contents of the plasma increased. Dogs fasted to a 40 per
cent loss of weight, with or without water intake, reveal a 3-4 per
cent increase in solids of the blood accompanied by decreased blood
chloride in the early stages, and a later resumption to normal of
chloride presumably supplied by tissue autolysis7". Rabbits sub-
jected to fasting for periods up to 14 days may or may not show a
concentration of hemoglobin"'. According to Bogert, Underhill
and Mendel23 rabbits fasted without water for 4-5 days exhibit little
concentration of the blood; a significant concentration develops,
however, after 5-7 days, and death results in 8-10 days. Under con-
ditions of fasting there may be atrophic changes in the liver, kidney
and spleen, and an increase in the lipoids of the liver and spleen75 92,
Expressed differently, these facts may be interpreted to mean that
fasting without water deprivation so alters the osmotic conditions in
the tissues that water is retained in the tissues to such an extent that
the tissues fail to release water to maintain a normal blood volume;
fasting, with water deprivation, leads to a disturbance of such a
nature that the free water of the tissues is exhausted and is mani-
fested by blood concentration.
"The exact cause of death from starvation is not known. It is
presumed that the complete exhaustion of the reserve foodstuffs pre-
cipitates an extensive catabolism which entails such a disorganization
of the various equilibria that the entity of the organism is destroyed.
The autolysis of the tissues is associated with the liberation of the
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water held in combination with the various protoplasmic elements.
This water is not completely free, however, for it tends to remain in
the tissues furnishing the source of the increased water content found
in starved animals which have access to water."'00 When animals are
subjected to extreme fasting combined with complete water depriva-
tion, the water of certain tissues is drawn into the blood-stream to
meet the needs of metabolism. The skin and muscles suffer the
greatest loss. Under these circumstances water to the extent of more
than two-thirds of the blood volume may be lost by these tissues"'.
An outstandinrg method for testing water reserves of the organ-
ism is through hemorrhage. If blood to the extent of 30-50 per
cent of the total blood volume is withdrawn, the original blood
volume is regained within a few hours by the addition to the blood of
a fluid somewhat resembling plasma in its composition. It should
be pointed out, however, that this resemblance is indicated in the salt
content-rather than in the protein content, for restoration of the
plasma proteins is a matter of days" 3 88, 0 When animals are
anesthetized with ether or urethane there is a retardation in the
resumption of the normal blood volume level. It may well be that
the anesthesia changes capillary permeability in such a manner that
fluid remains in the tissues24. Skelton9" has shown that a large
portion of the diluting fluid comes from the muscles, skin and liver.
Underhill and Fiskl'0 found that hemorrhage in normal animals calls
forth water from the skin alone; when the animals have been
deprived of water and food the skin and muscles furnish the water to
dilute the blood.
Much investigation has been reported relative to the variation of
water content through administration of solutions with variable
osmotic power. It is generally accepted that oral administration of
large volumes of water produces little if any change in blood concen-
tration, the superfluous water being excreted through the mechanism
of diuresis44. Greene and Rowntree" have demonstrated that the
continuous administration of excessive volumes of water by mouth
may lead to decreased blood concentration and an increase in plasma
volume. Others have corroborated these findings59 64, 65, 84,"108,114
Baer' showed that alterations in water content of muscles may be
observed after the administration of strong salt solutions.
The injection of hypertonic salt and sugar solutions into dogs
causes a rise in temperature from 13-20° F., the elevation beginning
at the cessation of the outstanding diuresis which rapidly dehydrates
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the animal. Probably a portion of this large rise in temperature is
due to causes other than the dehydration induced, for Seibert89 has
shown that distilled water may contain bacteria capable of producing
marked rises in temperature. Keith53 " found no rise in tempera-
ture in dogs after injection of 50 per cent sucrose solution unless the
dehydration exceeded 10 per cent of the body weight. Bingel2' was
able to detect a rise of temperature of 0.50 to 1.50 F. in certain
human subjects receiving isotonic salt or sugar solutions under aseptic
and antiseptic precautions.
Clinically, the fever associated with cholera, infant diarrheas,
extensive burns, etc., has been found to accompany an anhydremic
condition of the blood, the fall of the fever coinciding with restora-
tion of normal blood concentrationl0 11, 14, 45, 68, 99 It has been shown
by Barbour"6 that the influence of aspirin and quinine as antipyretics
in infectious fevers is in large measure dependent upon the produc-
tion of anhydremia; the bacteria probably alter the capillary perme-
ability so that fluid passes to the tissues, while the drugs change it
so that fluid passes from the tissues. It may be that the fever of
dehydration is due almost entirely to the accumulation of the heat
evolved in metabolic processes which fails to be dissipated through a
paucity of free water. This lack occurs from actual water loss from
the body as a whole or from an alteration of capillary perme-
ability preventing passage of water from the tissues to the blood'0' 88.
Under normal circumstances the direction of flow of water is deter-
mined by the condition ofthe blood. After the intravenous injection
of small quantities of hyper- and hypo-tonic sodium chloride solu-
tions there is a shrinking or swelling of the brain"8. Lipschitz"1,
upon the injection of 60 cc. of 25 per cent glucose solution at the rate
of 5 cc. per minute, found that the blood was rendered more dilute
for a period longer than two hours, regaining a normal concentration
in four hours. White and Erlanger"' could increase the blood
volume of dogs I 1-16 per cent by injection of 18 per cent glucose
containing 25 per cent gum acacia, and six hours after the injection
the blood volume was still 2 per cent above the normal level.
Others62'
" have reported that fluid is drawn from the tissues to the
blood by hypertonic glucose injection and that hydremia may persist
several hours after the excess sugar has disappeared from the
blood-stream62.
Many workers have shown when large volumes of isotonic salt
solution are injected into the blood-stream of experimental animals
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that the excess fluid is removed from the blood within a few
minutes23' 28, 93, 115 As much as four times the blood volume may be
stored in the tissues without ill effects. In the removal of excess
fluid in the blood the kidneys apparently play a minor role for the
blood volume regains the normal level when less than 25 per cent
of the excess fluid has been eliminated by the kidney. The fluid is
withdrawn quite as effectively when the kidneys are ligated or
rendered nephritic by injection of tartrate23' 28, 109. The liver prob-
ably is concerned in this reaction, for Lamson57' 8 has shown that the
rate of disappearance of fluid introduced directly into the blood was
decreased four times or more after removal of the liver, and Maut-
ner66 reported that the injection of isotonic sugar solutions into the
blood-stream causes a persistent enlargement of the liver with reten-
tion of water. It has also been demonstrated that the muscles and
skin store most of any excess fluid, although all other tissues may be
involved to a much more limited extent39' 91.
The removal of fluid from the blood-stream may be influenced
by a variety of agencies. Thus, Smith and Mendel93 have shown
that the presence of sulfate, tartrate and citrate ions slows the rate
at which added fluid leaves the circulation, the capillary permeability
being decreased. Fasting tissues display a lessened avidity for
water, injected fluids remaining in the blood for a longer period in
fasted or phlorhizinized dogs than in normal animals"8. The use of
morphine, urethane or ether slows the rate at which the blood
volume returns to normal after intravenous injections24. Drugs
are efficient in altering the water content of the organism either
by stimulation of the glandular secretions or by increasing the
permeability of the capillaries so that normal fluid exchange between
blood and tissues is prevented, fluid accumulating in one or the
other"9 78, 79, 80, 83, 87, 106. As a rule diuretics and diaphoretics cause
a hydremia. Anhydremia is produced in dogs by the injection of
insulin35. An extensive loss of fluid is produced by pilocarpine
through stimulation of sweating, salivation and purgation37 82. As
a result of its effect there is blood concentration, increased total
solids, serum proteins, etc. 78, 82, 107, 111 It is believed by Underhill
and Epstein that the slow rate of removal of saline injected into the
blood of rabbits under the influence of pilocarpine is an expression of
a decreased permeability of the capillaries succeed'ing a primary
increase.
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The Influence of Pathological Conditions upon Tissue Fluids
The most striking interferences with normal exchange of fluid
between the blood and tissues occur under pathological conditions.
These abnormalities have been attributed to a variety of causes.
Nevertheless, changes in water metabolism play a predominant role.
In the variations in water exchange two principal factors are out-
standing, namely, a loss of water, as through vomiting, diarrhea, etc.,
or from the circulation through the formation of edema; and
secondly, a change in the capillary permeability or in the tissues
which prevents the passage of the tissue fluid into the blood-stream.
In vomiting associated with pyloric stenosis and in the diarrheas of
infectious diseases, the loss of fluid from the body in two days may
represent 20 per cent of the body weight4'46 47, 5 63 Underhill
and his associates96' 97, 105 found that the clinical picture in war-gas
poisoning and in fulminating cases of influenza is essentially the
same. The development of an extensive pulmonary edema with-
draws a large volume of fluid from the blood. The edema fluid has
a protein and salt content somewhat resembling that of the plasma so
that the capillaries of the lungs must be completely permeable.
Later anhydremia indicates that the capillary permeability has
become decreased. When blood concentration becomes extreme
(above 125 per cent of normal) serious symptoms set in. The blood
becomes so thick and sticky that it is no longer capable of acting as an
efficientoxygencarrier,circulatoryfailuredevelops,temperature rises,
urine secretion is greatly reduced, respiration is markedly impaired,
vomiting and general irritability give way to stupor, and finally
death occurs from tissue asphyxiation. These symptoms disappear
when the blood concentration is reduced to normal; they fail to
appear if the forcing of fluid is begun sufficiently soon to prevent a
marked concentration of the blood. In extensive superficial burns
the clinical symptoms may be very similar and yield to the same type
of treatment. So far as one may judge the extreme blood concen-
tration (or shock) is the only tangible cause of early death. Work
that has been carried through to determine the existence and nature
of a specific burn toxin has so far been fruitless76 103. On the other
hand, it is quite probable that late deaths from burns are due to
secondary infection99 103,
When interchange of fluid occurs between blood and tissues water
is not the only constituent involved but it is accompanied by salts
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and sometimes by proteins. When salt or sugar solutions are intra-
venously injected water and salt, or sugar, both disappear from the
blood. The edema fluid which accumulates in the lungs in war-gas
poisoning resembles the composition of the serum97. The quantity
of fluid lost from the body through extensive superficial burns may
reach 70 per cent of the total blood volume"1'. Blalock22 has
obtained similar figures under like conditions. In both investiga-
tions the fluid lost to the injured area yielded a composition practi-
cally identical with that of normal plasma. After hemorrhage the
fluid poured into the blood from the tissues carries with it salts to
restore the normal chloride, sodium, potassium, magnesium and
calcium concentrations of the plasma55. If any significant dilution
of the blood follows the hemorrhage, the chlorides may increase
above the normal level38' 109, It has been observed by White and
Erlangert"' that the prolonged maintenance of an increased blood
volume through injection of gum acacia-glucose solution causes
chlorides to be drawn into the blood until chloride concentration of
the increased plasma volume is normal. Under the usual normal
conditions total blood chlorides are maintained at a remarkably con-
stant level, and are not altered through diet8' 52 although the distri-
bution between cells and plasma varies with the CO2 tension of the
blood as in exercise and shock29'3, 31, 34 119. The serum chlorides also
decrease in diseases in which chloride is lost from the blood (pneu-
monia, infections, gas poisoning97, burns82 99) or in which osmotic
relations are disturbed253 26, 42, 56, 69, 70, 117. Padtberg77 and Wahlgren"12
have found that one-third the total chloride is deposited in the skin
which stores 28-72 per cent of the retained chlorides after injection,
the tissues next in order being the lungs, intestines, blood and
kidneys. When dietary chloride is low a dog may lose 11-21 per
cent of its total chloride content, 60-90 per cent of the loss being
borne by the skiA which represents 'only 16 per cent of the body
weight. Attention has been called77 to the fact that in the dog if the
body is rich in chloride more is present in the skin than in the blood,
whereas if the body is poor in chloride, the reverse holds true.
Cameron and Walton27 believe that the chloride values for a tissue
depend upon the vascularity and the quantity of blood and lymph
present. In pyloric obstruction the loss of fluid, chlorides and base
may reach such high values.as to preclude the possibility of restora-
tion from the body's normal reserves4".
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The Mechanism of Water Exchange
If the entire subject of water exchange in the body is reviewed,
two facts stand out clearly with respect to water loss from the body.
In the first place in many instances, as in excessive vomiting, in
extreme thirst, or in high intestinal obstruction, the loss from the
blood consists mainly of water and salts. In the second instance, as
in burns and other massive inflammatory reactions, not only water
and salts are lost to the blood but quite significant quantities of
proteins. It must be evident that the restoration of the blood con-
stituents under these circumstances must be a somewhat dissimilar
process. Moreover, one may also infer that the mechanism of loss
of blood constituents must be different in the two cases, if not in
kind, at least in quantitative aspects.
According to present-day concepts these losses of the fluid con-
stituents of the blood are referred back to changes in permeability
of the capillaries. The function of capillary permeability is a prob-
lem beset with many difficulties of comprehension. So long as
capillaries were regarded as passive agents in the mechanics of the
circulation the functions of these organs appeared to be well defined
and circumscribed. With the rediscovery of the functions of cap-
illaries current views have necessarily been changed. Krogh, in his
book on "The Anatomy and Physiology of Capillaries", lays empha-
sis upon the fact that in the middle of the nineteenth century capil-
laries were regarded as active agents in the mechanics of circulation
possessing the ability of dilatation and contraction. Dumas36, in his
Memoirs in discussing the symptoms of cholera, speaks of the
thickening of the blood due to changes in the capillaries. In the
interval between 1850 and 1900 the view was maintained that the
capillaries are passive agents and in accordance with this idea, the
blood flows continuously through all the capillaries at rates which are
determined by the state of contraction or dilatation of the corre-
sponding arterioles, and that dilatation of an arteriole will cause a
rise of pressure in the corresponding capillaries, which will become
passively expanded, to contract again by their own elasticity when
pressure is removed.
From the present-day conception of capillary function it is
believed that the capillary plays an active role. It possesses the
property of independent contractability which resides in a muscular
coat arranged more or less in the form of a wide-meshed network.
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This arrangement leaves the larger part of the endothelial surface
uncovered, an adaptation for the passage of substances with a mini-
mum of resistance. In other words, the capillary may contract or
dilate, which accounts for the sudden increase in the number of
capillaries in an organ actively at work. The muscular coat of the
capillary wall is subject to the same influences that may play upon
any smooth muscle. Thus its state inay be altered by nervous or
hormonal influences. Generally, increased capillary dilation may
be regarded as synonymous with increased capillary permeability,
although there are sufficient examples to demonstrate that this
parallelism is not complete. It is, therefore, probable that changes
in permeability are not necessarily directly related to changes in
capillary pressure. Degrees of permeability must also be recognized,
since in one instance only salts and water may escape through the
capillary whereas under other circumstances protein in relatively
large quantities may pass. It is quite obvious that in the latter case
a greater degree of permeability must obtain in order to allow the
large protein molecule to pass. It is quite probable that under
normal circumstances little or no protein finds its way through the
capillary. An impetus to increased permeability is essential. The
most evident impetus is injury to the capillary, as in inflammatory
reactions in general. Whether in the irritation produced a chemical
substance-histamine or the H-substance of Lewis"0-is formed is
largely a matter of conjecture. Certain it is that up to the present
the existence of such a compound is theory rather than fact. The
injury to the capillary, whether due to a chemical agent as a drug,
or heat, as in burns, appears to be sufficient to induce an increased
permeability which persists for a considerable period of time so that
substances poured into the blood-stream are not retained. This
applies equally well to crystalloids and to colloids (dyes) the latter
of which find their way readily through the injured capillaries. It
is also a matter of considerable interest that under conditions of a
burn the increased permeability seems to be only in one direction,
that is, from the capillary outward; from the tissues to the capillary
the permeability is much less than under normal circumstances"'.
Too much emphasis cannot be laid upon the fact of the existence of
two types offluidloss fromtheblood, both ofwhich lead to increased
blood concentration with its accompanying detrimental effects upon
the efficiency of the circulation. This difference is most strikingly
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demonstrated when attempts are made to restore a concentrated
blood to the normal level. When the loss from the blood involves
water and salts only, restoration of the blood volume is readily
accomplished by the administration of fluid only, possibly better by
the injection of a salt solution. Apparently the tissues and blood are
capable of retaining the added fluid to a large degree. When the
loss from the blood is a plasma loss the results are quite different.
Fluid given by mouth or injected is not so readily retained as evi-
denced by the difficulty of obtaining restoration of blood volume.
On the other hand, by continuous addition of fluid a point is finally
reached when the concentrated blood approaches more nearly the
normal condition. One might assume that the injury to the capil-
laries is the cause for the failure of restoration of blood, that the fluid
pours out into the injured area with about the same speed as its
entrance into the blood-stream. However plausible this conjecture
may be, the fact remains that in conditions of massive pulmonary
edema from war-gas poisoning and in the loss of plasma through
extensive superficial burns, the administration of fluid does not
increase the pulmonary edema97 or the quantity of fluid poured upon
the burned surface98. A considerable degree of water retention
occurs under either circumstance and since it is not manifested either
in blood dilution or in an increase of exudate the obvious conclusion
to be drawn is that the retained fluid goes to make up the water
deficit in the tissues. Experiences with upset water balance under a
variety of conditions have led to the inference that so far as the wel-
fare of the body is concerned a concentrated blood is not as serious a
condition as a depletion of cellular water. The results of unpub-
lished experiments make it quite apparent that the blood in burns
may be concentrated with a normal water content of the tissues. A
further, more severe inflammatory reaction may cause an increased
quantity of edema fluid in the burned area without a corresponding
augmentation of blood concentration. The deduction to be drawn
from this investigation is to the effect that the water is drawn from
the tissues. There is thus established an interplay between blood
and tissues of such a nature that fluid may be drawn directly from
the blood so long as the blood concentration is compatible with main-
tenance of life. It would seem that a certain degree of blood con-
centration can bewell borne. When, however, further demands for
fluid are made the necessary water is drawn from the tissues rather
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than from the blood. In this manner contributions for water needs
are met by blood and tissues so that neither type of contributor bears
the entire burden; neither is impoverished but both probably operate
under less ideal conditions. Our own experience confirms the views
of others that it is almost impossible to deprive the tissues of their
"bound" water. That it is possible to do this may be deduced from
a recent investigation'00 in which it has been demonstrated that the
osmotic upset induced by large injections of hypertonic salt solutions
will deprive the tissues of bound water. The result, however, is
that death is immediate.
If water is well retained when simple dehydration occurs and is
not so well retained under the condition of inflammatory exudates
the query is pertinent, why the difference? The answer probably
lies in the diminished availability of the plasma proteins which,
according to common acceptance, play such an important role in
water retention in the blood and in the equilibrium ofosmoticfactors.
It may well be that when the proteins of the blood are diminished
or perhaps altered by the circumstances of a concentrated blood, fluid
cannot be retained immediately. It is only when the tissues have
become saturated and when normality of blood proteins or quantity
ofblood proteins have been restoredthat water retention in the blood
occurs. This takes time and it is possible that the inability of the
blood to retain water for a period of 36-48 hours under conditions
induced by inflammatory exudates coincides with the interval essen-
tial for the resumption of normal content of plasma proteins.
In the regulation of water balance it is quite probable that the
water and osmotic conditions in the cells are the determining factors.
In no other way can be explained the local character of fluid inter-
change. In inflammatory reactions, for example, as in burns, the
direct fluid exchange effects are purely local and have little if any
remote results. The blood of course is the great intermediary in
these reactions, but whethersimple upset of osmotic conditions deter-
mines interchange between blood and tissues or whether there is
some hormonal influence such as a secretion of the pituitary is a
matter not decisively answered8".
The influence of the nervous system upon the mechanism of
water exchange is obscure. It is a fascinating hypothesis to assume
a regulatory center in the central nervous system having direct con-
trol over water exchange. Evidence for such a direct action is
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lacking. Injury to various portions of the central nervous system
may result in alterations in water exchange as illustrated by the
diuresis subsequent to piqure. On the other hand, with the elimi-
nation of the central nervous system local inflammatory reactions
may occur in a perfectly normal manner90. Present evidence tends
to the conclusion that there is not a water-regulating center and that
the nervous system exercises a control over water exchange through
the indirect influence of the vasomotor system by changes in blood
distribution. Alterations in blood distribution and especially in the
alkali reserve may affect the condition of cellular permeability suf-
ficiently to account for the characteristic features involved in water
exchange.
From the evidence available it would appear that water exchange
is a function of tissues and that the nervous system may be regarded
as exercising subsidiary modifying influences through the vasomotor
system.
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